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We calculate flavour dependent lepton asymmetries within the E6 inspired Supersymmetric Standard Model (E6SSM).
Our analysis reveals that the substantial lepton CP asymmetries can be induced even if M1 ≃ 106 GeV.
1. INTRODUCTION
In models with heavy right–handed neutrinos lepton asymmetry can be dynamically generated via the out–of
equilibrium decay of the lightest right–handed neutrino N1. This asymmetry subsequently gets converted into the
baryon asymmetry due to sphaleron interactions. In the standard model and its minimal supersymmetric extension
the appropriate amount of baryon asymmetry can be induced only if the mass of the lightest right–handed neutrino
M1 >∼ 10
9GeV. In this case reheat temperature has to be relatively high, i.e. TR > 10
9GeV, that results in an
overproduction of gravitinos. To avoid gravitino problem TR should be low enough TR <∼ 10
6−7GeV. Here we study
the generation of lepton CP asymmetries within the the Exceptional Supersymmetric Standard Model (E6SSM) [1].
2. THE E6SSM
The E6SSM is based on the SU(3)C × SU(2)W × U(1)Y × U(1)N gauge group which is a subgroup of E6. By
definition U(1)N =
1
4
U(1)χ +
√
15
4
U(1)ψ , where E6 → SO(10) × U(1)ψ, SO(10) → SU(5) × U(1)χ. To ensure
anomaly cancellation the particle content of the E6SSM is extended to include three complete 27 representations of
E6 [1]. The 27i multiplets contain SM family of quarks and leptons, right–handed neutrino N
c
i , SM singlet field Si
which carry non–zero U(1)N charge, a pair of SU(2)W –doublets H
d
i and H
u
i which have the quantum numbers of
Higgs doublets and a pair of colour triplets of exotic quarks Di and Di which can be either diquarks (Model I) or
leptoquarks (Model II). Hdi and H
u
i form either Higgs or inert Higgs multiplets. In addition to the complete 27i
multiplets the low energy particle spectrum of the E6SSM is supplemented by SU(2)W doublet L4 and anti-doublet
L4 from extra 27
′ and 27′ to preserve gauge coupling unification [1]. In the E6SSM the right-handed neutrinos do
not participate in the gauge interactions and therefore are expected to gain masses at some intermediate scale, while
the remaining matter survives down to the electroweak scale. The part of the E6SSM superpotential describing the
interactions of N ci with other fields can be written as
WN = h
N
kxj(H
u
kLx)N
c
j + g
N
kijDkd
c
iN
c
j , (1)
where x = 1, 2, 3, 4 while k, i, j = 1, 2, 3. In the Model I gNkij = 0 whereas in the Model II all terms in Eq. (1) can be
present.
3. CP ASYMMETRIES
The process of the lepton asymmetry generation is controlled by the flavour CP (decay) asymmetries. The CP
asymmetries associated with the decays of N1 and N˜1 into leptons and sleptons are given by
εk
1, f =
Γk
1f − Γ
k
1f¯∑
m,f ′
(
Γm
1f ′ + Γ
m
1f¯ ′
) , εk
1˜, f
=
Γk
1˜f
− Γk
1˜f¯∑
m, f ′
(
Γm
1˜f ′
+ Γm
1˜f¯ ′
) , (2)
1
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Figure 1: Diagrams that give contribution to εi1, ℓk .
where f and f ′ correspond to either lepton or slepton field while Γk
1f and Γ
k
1˜f
are partial decay widths of N1 → f+H
u
k
and N˜1 → f + H
u
k . At the tree level CP asymmetries vanish. The non–zero contributions to the CP asymmetries
arise from the interference between the tree–level amplitudes of the lightest right–handed neutrino decays and one–
loop corrections to them. Supersymmetry ensures that εk
1, ℓk
= εk
1, ℓ˜k
= εk
1˜, ℓk
= εk
1˜, ℓ˜k
. The tree–level and one–loop
diagrams that contribute to the εk
1, ℓk
are shown in Fig. 1. When M1 ≪M2,M3 we get (see [2])
εk
1, ℓx
= −
1
8piA1
∑
j=2,3
Im
[
2Ajh
N∗
kx1h
N
kxj +
∑
m, y
hN∗my1h
N
mxjh
N
kyjh
N∗
kx1
](
M1
Mj
)
, (3)
where Aj =
∑
m,y h
N∗
my1h
N
myj +
3
2
∑
m,n g
N∗
mn1g
N
mnj if j = 2, 3 while A1 =
∑
m,y h
N∗
my1h
N
my1.
The CP asymmetries associated with the decays of N1 and N˜1 into exotic quarks (squarks) can be defined similarly
to the lepton ones. The interference of the tree–level decay amplitude with the one–loop corrections (see Fig. 2)
yields
εi
1,Dk
= −
1
8piA0
∑
j=2,3
Im
[
2Ajg
N
kijg
N∗
ki1 +
∑
m,n
gN∗mn1g
N
mijg
N
knjg
N∗
ki1
](
M1
Mj
)
, (4)
where A0 =
∑
k, i g
N
ki1g
N∗
ki1 .
4. RESULTS AND CONCLUSIONS
To simplify our analysis we impose ZH
2
symmetry under which all superfields except Hd ≡ H
d
3
, Hu ≡ H
u
3
and
S ≡ S3 are odd. The Z
H
2
symmetry allows to avoid unacceptably large non-diagonal flavour transitions and reduces
the part of the E6SSM superpotential that describes the interactions of N
c
i with other superfields
WN → h
N
3xj(HuLx)N
c
j . (5)
We also assume that the right–handed neutrino mass scale is relatively low (M1 ∼ 10
6GeV), so that hN
3ij are negligibly
small (i = 1, 2, 3), and M3 ≫ M1,M2. In this approximation ε
3
1, L4
is much larger than other CP asymmetries. In
2
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Figure 2: Diagrams that give contribution to εi1, Dk .
the considered case the maximal absolute value of ε3
1, L4
is given by
|εk1, ℓ4 | =
3M1
8piM2
|hN342|
2, (6)
where hN
342
is a coupling of the second lightest right–handed neutrino to Hu and L4. From Eq. (6) one can see
that in the considered case the substantial lepton decay asymmetry εk
1, ℓ4
(∼ 10−6 − 10−4) can be induced even
for M1 ≃ 10
6GeV if |hN
342
| vary from 0.01 to 0.1. At low energies the asymmetry generated in the L4 sector gets
converted into the ordinary lepton asymmetries via the decays of L4. This suggests that in the E6SSM successful
thermal leptogenesis can be achieved without encountering the gravitino problem.
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